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INTRODUCTION
Vegetable production plays an important role in agriculture economy in Indonesia. Intensive vegetable farming improves farmers' welfare . In particular, chili farming provides more income and employment than cereal and staple crops sectors (Mariyono & Bhattarai, 2011) ; Mariyono & Sumarno, 2015) ; Bhattarai & Mariyono, 2016) ). The multiplier benefits of chili cultivation, such as employment creation, agribusiness development, local transportation, etc., accrue to the wider rural community as well as to chili growing communities. Thus sifting from subsistence to commercial chili farming and adopting better technologies are expected to improve farmers' livelihood (Mariyono, 2017) .
As a commercial crop, it has been cultivated in developing countries over couple past decades. Food and Agriculture Organization (FAO) reported that annual worldwide production of chili is around 21 million t. The top-ten chili producing countries, accounting for more than 85% of world production in 2007, were India (36%) , China (11%), Ethiopia (5%), Myanmar (6%), Mexico (5%), Vietnam (4%), Peru (8%), Pakistan (6%), Ghana (4%), and Bangladesh (8%). Among the vegetables cultivated in Asia, chili occupied the largest crop acreage, about 2.5 million ha (FA-OSTAT, 2009 ). Even though Indonesia is not mentioned in the top-ten chili production countries in the world, chili is produced on about 200,000 ha, with annual production of close to 1 million t -about 5 percent of global supply. Chili-planted area is the highest among other vegetables. But, the per hectare production averages for the Indonesia are low by regional and international standards. There is still scope for more use of high yielding cultivars and better management to increase national production without encroaching on grain production areas (Kuntariningsih & Mariyono, 2013b) . Farmers' motivation of growing chili is because the demand for chili increases along with population growth and income. It increases from 2.45 kg/capita in 1988 to 2.88 kg/capita in 1990, and 3.16 kg/capita (Bank of Indonesia, 2007) . Although the need tends to increase, the chili demand for daily needs fluctuated caused by the retail price in the market. The fluctuation is either caused by some factors that influence the demand side, or by other factors, which influence the supply side (Mariyono, 2016a) . It could be explained that the price equilibrium exists when the supply of chili is lower that its demand. This will cause the price to be very high. On the contrary, if the supply of chili is greater than its demand, the price will be very low.
Because of disproportion of supply volume and consumer needs frequently occurred on vegetables, price fluctuation of chili is higher than other secondary crops. High fluctuation in price of chili does not provide beneficial circumstance for vegetables agribusiness. It has adverse effect on the decision for investment as a result of uncertainty in return. The fluctuation in price often makes higher loss for farmers than traders/collectors, because farmers are not capable of managing sale to obtain better price. Price fluctuation also triggers asymmetric market information, and this results in high marketing margin as traders take advantage from this situation as they can provide misleading price information to the farmers. The price received by the farmers and price transmission from consumer's area to producer's region is low. Thus, it is understandable that the share of market price for traders is almost 50% of the total chili price (Sugiarti, 2003) . This condition is not conducive for efforts to develop agribusiness and to increase produce's quality competitiveness characterized by the ability to respond to effective market dynamics (Irawan, 2007) . It is suggested that farmers adjust cropping pattern based on the cropping patterns of other chili producing areas (Negoro & Mariyono, 2014) .
Improvement in chili production is still required because Indonesia's chilli productivity level (about 5 t/ha) is still very low, compared to other countries in Asia (Mustafa, Ali, & Kuswanti, 2006 Based on the fact that pests and diseases play significant roles in affecting chili production resulting in price instability in the market, there is a need to understand the problems. The objective of this study is to explore and analyze the socialeconomic and agro-ecological aspects of crop protection in three selected communities of three districts-Magelang, Brebes, and Rembang-that represent distinct agro-ecosystems of chili cultivation within Central Java province.
METHODOLOGY

Samples and Data Collection
This study is based on a primary survey conducted at three locations in Central Java during 2010-2011. The primary survey has three main parts: a household survey, community surveys, and group discussions with selected key informants.
The survey integrated qualitative and quantitative survey methods to meet the study objectives. As a part of the quantitative approach, a rigorous household survey was carried out through faceto-face interviews with 160 farmers from three villages to collect information on the socioeconomics of chili farming, and level of pesticides. The samples of survey were selected using purposive random sampling, where farmers who cultivated chili during last three years were considered as population. Data were collected using structured questionnaire to record and document the main information related to crop protection aspects.
Central Java is one of the largest chili-producing areas in Indonesia. However, compared to other largest chiliproducing provinces, the average productivity of chili is low in Central Java (BPS, 2015) . Within Central Java, the three largest districts (or regions) producing chili are Brebes, Magelang, and Rembang. Those three districts have distinctive variations in agro-ecology and chili production characteristics.
Data Analysis
Data were collected from secondary and primary sources. For the purpose of assessment, three major forms of descriptive data were analyzed: sample mean, frequency, and weighted rank. Analyses on frequency were conducted by counting the number of farmers who provided responses on a specific category of issue/response in the questionnaire. Once the frequency was obtained, the percentage of those from the sub-total of each district and total samples in the province was calculated. If the frequency of a certain variable is higher than the others, then this particular variable is considered more important.
Mean value of a particular variable was estimated by calculating the sample average of the variable. Standard deviation (SD) of such variables was also calculated to provide information on their variation across the sample surveyed in each category. Mean value and SD were respectively calculated using the formulae:
Where i X is the variable of i th to be analyzed, N is the number of samples. To provide information on the significance, statistical t-test was provided as reported by the SPSS software package, which is formulated as: (3) Refers to the different districts, SD jk and is the standard deviation obtained from j x and k x . In this case, if value of t-test is greater than the value t-table at 95% confidence interval, then the mean of the particular variables is significantly different from other survey sites. The statistical analysis was done with the SPSS software package. For certain important factors, analyses on weighted rank were conducted by calculating the score reported by farmers. The weighted average rank is formulated as
Where n is number of farmers responding to each category, S is score, and N is total sample. A higher score was given for a particular variable when farmers mentioned that such a variable was more important than others. For example, if there are five choices, and a farmer provides a first rank for a certain variable in a list, then the variable is scored one. If the farmer put it in the second rank, then it is scored two, and so forth. If the farmer did not mention anything, then the score for this particular factor is zero. Thus, a higher value of weighted average rank means the response is more important and mentioned by many farmers during the survey. For consistency in data analysis and ease in reporting the results, the ranks are inverted: the first rank is converted to five and lowest rank is converted to one. Thereby, the higher the score for a factor, the higher the importance of the particular factor among the range of other factors listed by the farmers.
Data analyses were conducted by comparing across the three sites, and by crop season. Selected important variables, within a group of chili-growing farmers, are analyzed in detail, especially issues related to the control of pests and diseases.
The quantitative analyses are supplemented with qualitative narratives and frequency of cases across locations and groups. The significant difference of each mean variable across the three districts was indicated by M, B, and R, which stand for Magelang, Brebes, and Rembang.
RESULTS AND DISCUSSION Description of Study Sites
Brebes Regency is situated in the northwestern coastal area of Central Java. The regency borders West Java Province and it is also linked closely with the Bandung and Jakarta vegetable markets. Brebes is the largest chili-producing region in Central Java. Magelang Regency is in the southern region of Central Java, bordering Yogyakarta Province; it is the second largest chili-producing region in Central Java. Rembang Regency is in the northern coastal area of Central Java, which borders with East Java Province.
Agro-ecological Aspects
Controlling chili pests and diseases is not an easy task because of the complex relationship that exists between pests and Source: Data Analysis, 2013
Figure 1
Farmers' Ranking of Chili Pests by Importance their habitat (Mariyono, 2008) . Appropriate and timely control methods can minimize losses. This section summarizes key findings on pest and disease levels and current control measures adopted by farmers in the survey sites.
Insect Pests
Major insect pests reported by the farmers include: aphids (Aphis gossypii and Myzus persicae), fruit fly (Drosophila melanogaster and Bactrocera sp.), thrips (Scirtothrips dorsalis), mites (Polyphagotarsonemus latus), whitefly (Bemisia tabaci and Aleurodicus dispersus), fruit borer (Helicoverpa armigera), and various caterpillars including army worm (Spodotera spp.) cutworms (Agrotis spp.) leaf rollers, and leaf folders.
In general, insect pests were less prevalent during the wet season. In the dry season, farmers gave higher weighted average ranks for several pests such as thrips, mites, and aphids ( Figure 1 ). The weighted rank (importance) of particular insects varied by location (Table 1) . Diseases Major diseases reported by farmers are illustrated in Figure 5 .2. Because farmers grow more chili in the dry season, disease incidence in the dry season was more critical than in the wet season. Overall, farmers gave a lower weighted rank value to CMV, bacterial wilt and Phytophthora, which means they are less detrimental to chili compared to anthracnose and Gemini-viruses (Figure 2 ) and the actual severity of individual disease varies by crop season (Table 2) .
Combining results from all three sites, the average yield loss from anthracnose and Gemini-viruses, two most important diseases of chili in the survey sites, was higher during the wet season than in the dry season (Figure 3 ). Yield Loss Among the three surveyed sites, the highest yield loss due to disease was in Magelang, where farmers perceived that more than 50 percent of yield loss is due to disease (Table 3) . Forty farmers each in Magelang and Brebes reported that anthracnose was the most critical disease of chili in wet season and, on an average, could lead to more than 54 percent of the yield loss. In Rembang and Brebes, the average Note: Higher rank = more important; N = total sample of households surveyed in each community; n = number of farmers giving response to each factor in each community (also equivalent to frequency). R = Weighted rank value for each of the insect pest as noted in the methodology section earlier.
yield loss due to anthracnose was around 20-25 percent, as perceived by the farmers. Yield lost to gemini-viruses was highest in Magelang, in both wet and dry seasons, which was more than 30-40 percent per year. In Rembang, only a few farmers grew chili in the wet season, thus only a few farmers provided information on yield loss to diseases. Consistent with the rank of diseases, the average yield lost to Gemini-viruses in the dry season was the highest, largely in Magelang. In Rembang and Brebes, yield lost to anthracnose was still the highest in the dry season, even though the yield loss was around half of that in the wet season. In Rembang, around 90 percent of farmers stated that Gemini-viruses and anthracnose as the major diseases in dry season chili cultivation. Estimations of yield loss due to other diseases were almost similar across the diseases, which was around 12 percent per season basis, except for yield lost to CMV in Magelang during the dry season. CMV disease was more critical in Magelang in the wet season, with Source: Data Analysis, 2013 The summation of all these losses does not equal 100 percent because not all of these diseases occur in a farmers' field at the same time. N = number of farmers survey in each site; n = number of farmers reporting for this particular factor (disease) Significant difference of mean across sites is indicated by superscript M, B and R.
cause complete crop failure (Herison, Rustikawati, & Sudarsono, 2007) .
Pesticide Use
The number of sprays also varied by type of chili variety cultivated (Figure 4 ). Farmers growing local varieties sprayed more often. Brebes, where most farmers grow open pollinated and local varieties, had the highest frequency of sprays per week as well as the highest total number of sprays per growing season. Despite more severe pest and disease problems in Magelang, the number of sprays there was less than Brebes; this is due largely to cultivation of hybrid varieties, which are relatively more resistant to common pests and diseases. About 30 percent of chili farmers, using mixed sprays applied about 23 kg/ha of pesticides; the rest used single sprays, applying about 5.5 kg/ha of pesticides. Pesticide use in Brebes was the highest among the three sites, both in total use and in mixed spray. Magelang farmers applied about 6.6 kg/ha using single sprays.
The quantity of pesticides applied varies by application method. Total quantity of pesticide use was about12 kg/ha of chemical formulation. In Brebes, the quantity was about 22 kg/ha, in contrast to Rembang, where farmers used chemical formulations of only about 5.5 kg/ha. In Brebes, chili cultivation is very intensive, and agrochemicals are advertised and aggresSource: Data Analysis, 2013 sively promoted by private input dealers and pesticide agents (Luther et al., 2007) . Since promotion of the Green Revolution, pesticides have been aggressively recommended to farmers (Mariyono, 2015) .
The choice of pesticide depended on the type of chili variety grown (see Figure 4) . Local varieties received the highest number of sprays and highest quantity of pesticides, especially in Brebes, where no farmers grew hybrids. Clearly, local varieties need more protection from pests and diseases, which prompts farmers to apply more pesticides. Public sector agencies should consider developing and providing local or open pollinated varieties resistant to common pests and diseases (Bhattarai & Mariyono, 2016) . Traders also prefer local varieties already linked into the supply chain rather than new resistant varieties without an established consumer base.
Socio-economic Aspects
An important socio-economic aspect of crop protection in chili production is alternative control measures conducted by farmers. Level of education, experiences and knowledge of farmers determine the farmers' decision to select alternative methods.
Success or failure in crop protection could vary across regions and farmers.
About two-thirds of the total number of farmers surveyed adopted alternative control measures such as growing pest-and disease-resistant varieties, sowing seed early to avoid early-stage infestations, and picking infected plants (Table 4) .
In Magelang, 79 percent of farmers selected pest-and disease-resistant chili varieties to protect from loss. In Brebes, 43 percent practiced early sowing, and 27 percent picked infected plants to prevent disease. Fewer farmers in Rembang used alternative controls, possibly due to a lack of awareness, training, and other support services.
Farmers reported that the effectiveness of alternative measures varied widely, depending on location, farmer experience and knowledge. Most farmers have a positive attitude towards alternative methods and some of them already are using combinations of such methods. More training and local demonstrations can encourage other chili farmers to explore and apply alternative technology to reduce the high cost of pesticides.
As farmers seem willing to apply alternative control methods, public institutes should provide more alternative choices for Source: Data Analysis, 2013 controlling pest and diseases and reducing inputs-including developing resistant chili varieties for location-specific needs.
For example, studies to identify sources resistant to CMV conducted by Herison et al. (2007) would be useful for the projects. Recent research in Indonesia by Pamekas (2007) on application of crab shell offers a practical alternative measure to control anthracnose, one of the most detrimental chili diseases. This was done by soaking red chili fruit in 20 mg/ml of crab shell extract, then extracting and drying the seed.
In the following year, seedlings grown from the treated seed were free from anthracnose caused by Colletotrichum capsici. The same study also suggested farmers should periodically spray crab shell water on soil around the crop plant; also another study reported the usefulness and efficacy of this method in controlling anthracnose infections. Alternative controls become more important when pesticides do not work as expected. Gemini-viruses were spreading fast in the survey areas. Farmers, particularly in Magelang and Rembang, should be encouraged to adopt border plantings, lowcost nylon net barriers, and net houses for nurseries to restrict the spread of whitefly, the virus vector. For other diseases like an-thracnose, practical alternative techniques need to be developed urgently in collaboration with farmers and local agricultural offices. However, analyses on alternative control measures should be analyzed first before mass dissemination (Kuntariningsih & Mariyono, 2013a; .
Most chili farmers grow local varieties, which are produced on-farm or bought from local shops. Commercial cultivars are not commonly used. Only recently a Taiwanese hybrid cultivar has become popular in the districts of Magelang. Since early 1991 there have been two local seed companies that produce seeds of two cultivars. Locally produced seeds have a variable quality without any guarantee. Neither seed cleaning nor grading is applied and the germination capacity is uncertain. Seed-borne disease such as anthracnose and viruses may exist. Farmers' selection criteria for seed production vary from plants with high yields to fruits with specific size and shape.
The level of farmer knowledge as Integration of (1) and (4) Source: Data Analysis, 2013 N = total sample in each community; n = number of sample giving response to chili crop management is illustrated information on how to use of pesticides and fertilizers. Farmers lack information concerning the symptomatology of chili pests and diseases. Symptoms are often difficult to distinguish, because different causal agents, such as viruses, thrips and aphids, may give similar symptoms. Farmers usually refer to these particular symptoms with the general term leaf curl diseases. Pesticides are not applied according to target pests or diseases; instead, the advice of neighboring farmers or pesticide shops is followed. It seems that farmers need a training package like integrated pest management (Mariyono, 2008) . This will equip farmers with knowledge and skill such that they can correctly anticipate pests and diseases (Mariyono & Negoro, 2016) . Economic motivation is one of the key motive and rationality for using pesticides by farmers, and so the level and intensity of pesticides use for a crop. Hence, pesticide use decision is strongly related to price of pesticides and ex-ante price of crop, and price of other agricultural inputs. For example, a study by Rahman (2003) in Bangladesh suggested that some farmers treated fertilizers as substitute to pesticides; and he found that an increase in fertilizer price increased pesticide use by rice farmers in Bangladesh. Likewise, an increase in pesticide price reduces its demand. It has been reported that an increase in the prices of rice (Mariyono, 2008) and soybean (Mariyono, 2008b) in Indonesia induced farmers to use more pesticides to get more farm income and profit. Likewise, a study suggested that high price of pesticides minimized level of pesticides use in India, but level of availability of family members in spraying led to increase use of pesticides (Selvarajah & Thiruchelvam, 2007) . But, their study did not find any significant relationship between strength of spray with mixtures of pesticides use, with farmers' education, or experience in production of the crop. Farmers' decision to pesticides use on crop is in fact also same as buying an insurance, i.e., as a preventive mechanism against crop failure due to pests and disease attack.
Overall, there is variation in agroecological and socio-economic aspects across regions and seasons. Magelang was different from two other regions in terms of severity and pests and diseases problems. This is because farmers in Magelang grew chili year round such that the problem of pests and diseases accumulated from time to time. Different season has a different problem. But the importance of such problems were similarly important.
CONCLUSION
To sum up, this study showed the important agro-ecological and socio-economic extents of crop protection in chili production. Agro-ecologically, the extents of damage associated with several major insect pests and diseases of chili. Among the eight major insect pests reported by farmers during the dry season, thrips, mites, and whitefly infestations were most severe. Likewise, among five diseases noted by farmers, the three most important-anthracnose (Colletotrichum capsici), Gemini-viruses, and Phytophthora-were more serious than the others. During the wet season, risk of anthracnose was very high; in the dry season, risk of yield loss by Gemini-viruses and Phytophthora was high. Within a province, the severity of insect pest and disease outbreaks varied by location and by season. Socio-economically, the yield loss associated with pests and diseases perceived by farmers were high across regions. Different pests and diseases led to different severity of damage; and this led to different actions that varied among regions. Most farmers controlled pests and diseases with chemical pesticides. On average farmers applied approximately 12 kg/ha of pesticide on chili in a three-to four-month period), and the frequency of spray was about 23 times over each growing season. Overall, farmers in Brebes, who cultivate the local variety of chili, applied a greater quantity of pesticides and sprayed more than farmers in the other two survey sites. However, some farmers did use alternative methods to control pests and diseases. Based on the study results, the following set of recommendations are proposed to enhance productivity of chili in Central Java. Develop and distribute disease-resistant cultivars: There is an urgent need for the public sector to develop new disease-resistant chili lines and introduce them through onfarm demonstrations. Our survey revealed that farmers have been locked into growing only a few chili varieties that are now well-established in the local supply chain. Although farmers prefer the existing varieties, the introduction of new lines would enhance the gene pool and offer greater choice for farmers and consumers. Disease-resistant lines could lead to reduced pesticide uses, lower production costs, and low risk in chili farming. Training in integrated pest and disease management: Training in the proper use of pesticides and bio-control agents, integrated pest and disease management methods, seed selection/breeding, and nursery management can help farmers improve chili productivity and sustainability. Promote low-cost bar-riers to control spread of pests and diseases: Gemini-viruses are spreading fast in the survey areas. Farmers, particularly in Magelang and Rembang, should be encouraged to adopt border plantings, lowcost nylon net barriers, and net houses for nurseries to restrict the spread of whitefly, the vector of viruses. For other diseases like anthracnose, practical alternative techniques need to be developed urgently in collaboration with farmers and local agricultural offices.
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